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Objectives:  To  compare  the  hearing  outcomes  of  type  2  ossiculoplasties  for erosion  of  the  long  process  of
the incus  according  to  the  reconstruction  material  used:  cartilage,  ossicles,  hydroxyapatite  (HAP)  partial
ossiculoplasty  reconstruction  prostheses  (PORP),  titanium  PORP,  and HAP  cement.  Complications  related
to cement  reconstruction  were  systematically  investigated  and  reported.
Material  and  methods:  Seventy  patients  operated  between  2007  and  2011  for  non-cholesteatomatous
chronic otitis  media  were  included  in  this  study.  Mean  air-bone  gap  (500,  1000,  2000  and  4000  Hz) was
compared  preoperatively  and 3 months  postoperatively  according  to the  reconstruction  material  used.
Postoperative  results  were  classiﬁed  as  good  (air-bone  gap  <  10 dB), acceptable  (air-bone  gap 10–20  dB)
or  insufﬁcient  (air-bone  gap  >  20 dB)  and  were  compared  according  to the  reconstruction  material  used.
Results:  Groups  were  comparable  in  terms  of  preoperative  air-bone  gap  (P > 0.05,  Anova).  The  mean  post-
operative  air-bone  gap  was  14.82 ±  11.52  dB in  the  cartilage  group,  13.31  ±  9.03  dB  in the ossicles  group,
22.12  ±  11.95  dB  in the  HAP  PORP  group,  13.75  ± 11.20  dB in  the  titanium  PORP  group,  and  7.26  ± 8.99 dB
in  the  HAP  cement  group.  Statistical  analysis  showed  a signiﬁcant  air-bone  gap difference  only  between
HAP PORP  and  HAP  cement  groups  (P =  0.021,  Tukey’s  test).  No  signiﬁcant  difference  was  observed
between  groups  when  classiﬁed  by air-bone  gap  class  (P = 0.29,  Fisher’s  test).  No  major  complication
was  reported  with  HAP  cement  with  a minimum  follow-up  of 10  months.
Conclusion:  HAP  cement  provides  similar  hearing  outcomes  to autologous  material  and  titanium  PORP,
and  better  outcomes  than  HAP PORP  in  our  patients.  These  results  must  be conﬁrmed  in a  larger  series
with  a longer  follow-up.
© 2014  Elsevier  Masson  SAS.  All  rights  reserved.. Introduction
Ossicular reconstruction procedures have been continuously
mproved over recent decades in order to restore hearing as close
s possible to physiological hearing in patients with an interrupted
ssicular chain. This continuing progress is the results of a better
nowledge of ossicular biomechanics, resulting in an effective col-
mellar effect, as well as the development of new materials and
ew types of prostheses.
The objectives of these developments were to provide a substi-
ute combining stability, acoustic impedance and biocompatibility,
hile ensuring stability of these properties over time. Many
aterials are currently used in partial ossiculoplasty procedures.
utologous material, such as cartilage, ossicles or bone cortex,
∗ Corresponding author. Tel.: +33467336800.
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879-7296/© 2014 Elsevier Masson SAS. All rights reserved.can be easily and inexpensively harvested from the patient and
interposed on the head of the stapes. Ossicular prostheses were
subsequently developed as an alternative to palliate the absence of
autologous material or in certain cases of functional failure. Regard-
less of their more or less sophisticated design, the role of these
prostheses is to allow transmission of the sound wave from the
tympanum to the head of the stapes, either directly, or via the
malleus or the remains of the incus. Although a wide range of mate-
rials are available (gold, steel, titanium, hydroxyapatite, Teﬂon,
ceramics, etc.), hydroxyapatite (HAP) and titanium prostheses [1]
are the materials most commonly used in this indication at the
present time.
More recently, ionomeric bone cement [2] has become avail-
able for otological surgery [3], where it has been effectively used
to stabilize prostheses in the presence of active otosclerosis [4], to
ﬁll mastoidectomy cavities and to anchor certain types of active
middle ear implants [5]. It has also been shown to be useful in
reconstruction of the ossicular chain in the context of isolated
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estruction of the long process of the incus [6]. Despite its obvious
dvantages, use of this material has been associated with several
erious complications (encephalopathy) related to the presence of
luminium in its composition [7–9], which is why hydroxyapatite
HAP) cement has been developed as an alternative to ionomeric
ement, as the safety of HAP in middle ear surgery has been demon-
trated for a long time. Although this material appears to present
 similar efﬁcacy to that of ionomeric cement, only one published
tudy compared HAP cement to incus remodelling [10] and another
tudy compared HAP cement in hydroxyapatite partial prostheses
11], but no study has systematically compared this material to the
ther available materials, especially titanium PORPs.
The objective of this study was to report the hearing results and
omplications of bone cement based on our experience of the man-
gement of non-cholesteatomatous chronic otitis media, and to
ompare these results with those obtained with the other materials
sed in partial ossiculoplasty, i.e. cartilage interpositions, autolo-
ous ossicle grafts, and HAP and titanium PORPs.
. Material and methods
A retrospective and prospective comparative study was  con-
ucted on 70 patients treated by partial ossiculoplasty between
anuary 2007 and July 2012 in the Department of Otorhinolaryn-
ology and Head and Neck Surgery of Montpellier University
ospital by three different operators. All patients operated for non-
holesteatomatous chronic otitis media (perforation or retraction
ocket), with type 2 ossicular reconstruction (intact stapes) were
ncluded. Patients with cholesteatoma discovered during the oper-
tion and patients with tympanosclerosis were excluded.
Patients were then analysed according to 5 groups according
o the reconstruction material used: cartilage, ossicles, HAP PORP
Mushroom or Notched head with malleable link partial prosthesis,
edtronic, Jacksonville, USA), titanium PORP (VARIAC Kurz, Dus-
lingen, Germany), hydroxyapatite cement (Otomimix, Olympus,
okyo, Japan).
Bone cement was inserted via a retroauricular approach or via
he ear canal. After preparation of the ossicles and cement, cement
as applied drop by drop using a suction cannula (Fig. 1).
Hearing thresholds were recorded by pure-tone audiometry
ith air and bone conduction at frequencies of 500, 1000, 2000 and
000 Hz, preoperatively and 3 months postoperatively. The mean
ig. 1. Bone cement reconstruction of the right incudostapedial joint. The inferior
art  of the long process of the incus and the head of the stapes were placed in contact
ith hydroxyapatite cement to remodel the incudostapedial joint after bridging the
ong process of the incus and the head of the stapes by non-resorbable monoﬁlament
/0  suture material (arrow).gology, Head and Neck diseases 131 (2014) 289–292
air-bone gap was calculated for all frequencies preoperatively and
3 months postoperatively in order to compare the various groups.
In parallel, complications observed in the bone cement group
(including infection, extrusion, dissolution of cement responsible
for an increased air-bone gap, sensorineural hearing loss) were
systematically reported.
The groups were compared preoperatively and postoperatively
by Anova (limit of signiﬁcance P < 0.05) followed by appropriate
post-hoc tests (Tukey’s test, limit of signiﬁcance P < 0.05).
The functional results observed postoperatively in patients of
each group were also classiﬁed as good (mean air-bone gap < 10 dB),
satisfactory (mean air-bone gap between 10 and 20 dB) or insuf-
ﬁcient (mean air-bone gap > 20 dB). Sample sizes of the various
groups were compared using Fisher’s exact test (limit of signiﬁ-
cance P < 0.05).
3. Results
The study population was composed of 70 subjects (34 females;
36 males; sex ratio = 0.94), between the ages of 11 and 78 years
(mean age: 45.8 years). Five groups were deﬁned: cartilage (n = 14),
ossicles (n = 11), HAP PORP (n = 20), titanium PORP (n = 14) and bone
cement (n = 11).
Mean follow-up was  2.7 years. Maximum follow-up in the bone
cement group was 36 months and minimum follow-up was 10
months. Cementoplasty was  performed in patients with isolated
erosion of the lenticular process in 8 cases. In patients with more
extensive erosion of the long process of the incus, the remaining
incus and the head of the stapes were bridged with a piece of non-
resorbable monoﬁlament 5/0 suture material before applying the
cement (n = 3).
The mean preoperative air-bone gap was  25.45 ± 10.49 dB
in the cartilage group, 25.56 ± 10.34 dB in the ossicle group,
29.17 ± 11.80 dB in the HAP PORP group, 27.47 ± 12.20 dB in the
titanium PORP group, and 22.26 ± 8.86 dB in the cement group
(Table 1). No signiﬁcant difference was  observed between the
groups preoperatively (P = 0.68, Anova), thereby conﬁrming the ini-
tial comparability of the various groups.
Three months postoperatively, the mean air-bone gap was
14.82 ± 11.52 dB in the cartilage group, 13.31 ± 9.03 dB in the ossi-
cle group, 22.12 ± 11.95 dB in the HAP PORP group, 13.75 ± 11.20 dB
in the titanium PORP group, and 7.26 ± 8.99 dB in the cement group
(Table 1). Anova analysis demonstrated a signiﬁcant air-bone gap
difference between these groups (P = 0.045), but only between the
HAP group and the cement group (P = 0.021, Tukey’s test) (Fig. 2).
Analysis of the subjects according to their functional result
(air-bone gap < 10 dB, 10–20 dB, or > 20 dB) (Table 2) showed the
absence of any signiﬁcant difference between the groups (P = 0.29,
Fisher’s exact test).
No complication was observed with bone cement with a follow-
up of more than 10 months for all subjects. The patient with a poor
functional result with bone cement (postoperative air-bone gap
of 26.67 dB) was  reoperated, revealing inadequate setting of the
cement, probably due to insufﬁcient drying of the long process of
the incus.
4. Discussion
The role of prosthetic material in the success of partial ossiculo-
plasty is still a controversial issue. Although most studies conﬁrm
that reconstruction by autologous ossicles provides excellent
results, the use of prosthetic material provides more variable
results, as titanium PORPs give similar or even slightly better results
that autologous materials [12,13], while hydroxyapatite PORPs
appear to give less favourable results [14–16].
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Table  1
Preoperative and postoperative audiometric results according to the reconstruction material used.
Air-bone gap (dB ± SD)
0.5 + 1 + 2 + 4 kHz
Cartilage Ossicles HAP PORP Titanium PORP Cement
Preoperative 25.45 ± 10.49 25.56 ± 10.34 29.17 ± 11.80 27.47 ± 12.20 22.26 ± 8.86
Postoperative 14.82 ± 11.52 13.31 ± 9.03 22.12 ± 11.95 13.75 ± 11.20 7.26 ± 8.99
Mean  gain 10.63 12.25 7.05 13.72 15
HAP: hydroxyapatite.
Table 2
Distribution of postoperative air-bone gap according to the reconstruction material used.
Postoperative air-bone gap Cartilage Ossicles HAP PORP Titanium PORP Cement
< 10 dB 35.71% (5) 18.18% (2) 40.00% (8) 50.00% (7) 72.73% (8)
10  to 20 dB 21.43% (3) 27.27% (3) 35.00% (7) 28.57% (4) 18.18% (2)
>  20 dB 42.86% (6) 54.55% (6) 25.00% (5) 21.43% (3) 9.09% (1)
) 
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he percentage and corresponding number of patients are shown. HAP: hydroxyap
In this comparative series, HAP PORPs were associated with
 higher mean residual air-bone gap than the other materials
cartilage, ossicle, titanium or cement), but the only signiﬁcant
ifference concerned cementoplasty, which was  associated with
etter results. The absence of difference with the other materi-
ls could be due to the limited number of subjects in each group,
espite an overall study population of 70 patients.
No major complication was observed with the HAP cement
sed in this study, but this result must obviously be interpreted
ccording to follow-up. HAP cement was well tolerated, as demon-
trated by previous studies [3]. Histological studies conducted on
uinea pigs showed a minimal inﬂammatory reaction and progres-
ive osseointegration, thereby increasing the biocompatibility and
ong-term stability of these reconstructions [17].
Cementoplasty allows preservation of the incus-malleus joint,
esulting in improved stability of the reconstruction with virtually
o risk of secondary displacement. The extrusion and secondary
isplacement rates observed with other materials can be as high
s 25% depending on the series [16,18,19], which is responsible for
ecurrence of conductive hearing loss. We  deliberately compared
he results obtained at 3 months in our subjects to avoid taking
nto account this risk of secondary displacement with the other
ig. 2. Comparison of postoperative air-bone gap according to the reconstruction
aterial used. This ﬁgure shows boxes (median value and 1st and 3rd quartiles)
nd whiskers corresponding to the 5th and 95th percentiles. Black points represent
utliers. Anova analysis demonstrated a signiﬁcant difference between the groups.
ukey’s test demonstrated a signiﬁcant difference (asterisk) only between the bone
ement group and the HAP (hydroxyapatite) PORP group.100% (20) 100% (14) 100% (11)
types of materials, which could have biased the results. Although
the follow-up in this study was not sufﬁcient to evaluate the long-
term results of cementoplasty, previous studies using another HAP
cement conﬁrm the stability of the results for up to 3 years [11].
The other advantage of preservation of the incus-malleus joint
would be an improvement of the functional reconstruction com-
pared to direct columellar reconstruction, as suggested by several
authors [12,20]. Several retrospective studies using another type
of HAP cement analysed the audiometric results [3,10,11] and con-
cluded on an improvement of hearing thresholds.
The retrospective series by Babu and Seidman [3], based on
a small number of cases, reported a signiﬁcant improvement of
the postoperative air-bone gap using bone cement for the man-
agement of chronic otitis media. The mean postoperative air-bone
gap was 10 dB versus a preoperative air-bone gap of 33 dB. These
audiometric results were maintained at three years, and no case of
cement dissolution was  observed during follow-up. Elsheickh et al.,
[11] reported postoperative air-bone gaps between 7.9 and 11.9 dB
depending on the type of reconstruction performed, either direct
reconstruction between the head of the stapes and incus, or after
bridging these 2 anatomical structures in the case of more exten-
sive erosion of the long process of the incus. Similarly, Somers et al.,
[10] reported air-bone gaps of 13.1 dB, 12.5 dB, and 12.2 dB at the
3rd, 6th and 12th postoperative months, respectively.
Comparison of the results obtained with HAP cement to those
obtained with ionomeric cement shows that HAP cement gives
equivalent results in the same indications.
Ozer et al., [21] reported a mean postoperative air-bone gap
of 14.3 dB (versus 32.9 dB in preoperatively) and Celik et al., [6]
reported a mean postoperative air-bone gap of 10.6 dB in versus
27.4 dB preoperatively. More recently, Baglam, in a retrospective
study of 136 patients treated for incus-stapedius discontinuity
in the context of chronic otitis [22], demonstrated a signiﬁcant
improvement of hearing thresholds after cementoplasty with a
mean air-bone gap decreasing from 35 dB to 16 dB, while 82% of
patients had a postoperative air-bone gap < 20 dB. No major com-
plication was reported.
Comparison of ionomeric bone cement with the other materials
used for partial ossiculoplasty concluded on the non-inferiority of
ionomeric bone cement, especially for incus transpositions [2,23] or
titanium PORPs [20], with at least equivalent hearing results. How-
ever, the known neurotoxicity of aluminium (one of the ingredients
of ionomeric cement) [7] and cases aluminium encephalopathy
leading to death of the patient [8,24], secondary to the use of this
cement have been described in the literature. Although other stud-
ies have demonstrated the good long-term safety of this material
2 laryn
[
r
o
I
t
R
t
d
d
c
H
p
r
n
t
1
r
t
i
p
a
t
t
t
w
p
t
f
b
o
a
s
c
p
i
a
u
o
a
t
4
p
q
m
t
e
t
s
c
e
t
e
f
5
t
o
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
in revision stapes surgery: malleovestibular prosthesis or incus reconstruction92 C. Galy-Bernadoy et al. / European Annals of Otorhino
9], these risks must be taken into account in the choice of ossicular
econstruction material.
In the present study, an air-bone gap less than 20 dB was
btained in all but one of the patients treated by bone cement.
n this last case, the cementoplasty was no longer adherent to
he bone, probably because of incomplete drying of the cement.
evision surgery was easily performed and the cement was able
o be removed without mobilization of the stapes, as previously
escribed [11]. However, removal of bone cement can be more
ifﬁcult in the case of redo surgery for residual or recurrent
holesteatoma. The only signiﬁcant difference when comparing
AP cement with the other materials concerned HAP PORPs (mean
ostoperative air-bone gap of 7.26 dB versus 22.12 dB), as also
eported by Elsheickh et al., [11] (7.9 dB versus 26.6 dB). No sig-
iﬁcant difference was observed compared to autologous ossicle
ranspositions, as reported by Somers et al., [10] (13.1 dB versus
5.3 dB at 3 months for HAP cement and ossicle transposition,
espectively) and no signiﬁcant difference was observed with car-
ilage or titanium PORPs.
HAP cement therefore appears to be a reliable material, provid-
ng comparable hearing results to the best materials used at the
resent time, but with the advantage of being easily modelled with
 versatile range of uses. Although bone cement appears to be par-
icularly useful in cases of limited erosion of the long process of
he incus, it can also be used in cases of more severe erosion of
he long process of the incus, by “bridging” the head of the stapes
ith suture material or platinum wire, as in this study and as also
roposed by other authors [6,11,17,21]. HAP cement has been used
o reconstruct extensive erosions of the long process of the incus,
or otospongiosis revision surgery [25], or to restore continuity
etween the malleus and stapes in patients with complete erosion
f the incus, resulting in a signiﬁcant 87.5% improvement of the
ir-bone gap [26]. HAP cement was applied using a non-resorbable
tay suture between the malleus and stapes.
The main disadvantages of HAP cement, apart from its high
ost, concern the handling difﬁculties related to preparation and
lacement of the cement and its drying time. After mixing the
ngredients, a semi-solid paste is obtained after 30 to 45 seconds
s a result of an exothermic reaction. The cement is then applied
sing classical instruments, after having eliminated blood from the
perative site to avoid interfering with hardening of the cement,
nd after having eliminated any mucus from the zones to which
he cement will be applied. The cement remains malleable for 3 to
 minutes before placement, and takes about 5 minutes to com-
letely harden. Complete setting of the cement depends on the
uality of the mucoperiosteal stripping of the residual ossicles, as
aximum setting is obtained in the presence of dry ossicles after
horough stripping of the mucosa, which can be technically difﬁcult,
specially on the head of the stapes, where these procedures can
heoretically induce sensorineural hearing loss. Certain techniques,
uch as methylene blue labelling of the mucosa or the use of laser
an facilitate this procedure. Finally, when applying the cement,
specially in the case of very liquid cement, great care must be
aken to avoid touching the adjacent bones or letting the cement
nter the oval window, in which case the cement can be responsible
or iatrogenic conductive hearing loss.
. ConclusionThis study demonstrates the feasibility and efﬁcacy of par-
ial ossiculoplasty using bone cement for functional rehabilitation
f chronic otitis. With the exception of hydroxyapatite PORPs,
[gology, Head and Neck diseases 131 (2014) 289–292
which give poorer postoperative results, the use of bone cement
gives equivalent results to other reconstruction materials. How-
ever, these results must be conﬁrmed by studies based on a larger
number of subjects with longer follow-up. Due to the rapidity and
ease of use of bone cement, its biocompatibility, and the low com-
plication rate, this material can be useful in selected indications of
non-cholesteatomatous chronic otitis media.
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